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B cratse nmpuBoaATcs oOmIHEe acleKThl KOHIENINHA MPOSKTHPOBAHUS
CBaifHBIX (yHIIAMEHTOB B CTPOMTENBHBIX IuIomankax Kazaxcrana. Ymo-
MSIHYTBHI TaKU€ COBPEMEHHBIE TEXHOJIOIMU ycTpoicTBa cBail, kak CFA u
DDS, ucnonn3yembie B Kazaxcrane. B cratbe Takke NpeICTaBIICHBI
CPaBHEHHUS CYIIECTBYIOIIMX PE3yJIbTATOB IOJIEBBIX MCIBITAHUM CBail ¢
pe3yspTaTaMH TaKUX COBPEMEHHBIX METO/OB UCIBITaHUs cBal, kak RLT

u LleHTpUdyTOH.

This paper presents the general aspects in Kazakhstan pile foundation
design concept. Also such a modern pile technologies as CFA and DDS
used in Kazakhstan are mentioned. The paper illustrates comparisons
between the existing field pile test results with the results of advanced
technologies such as RLT and Centrifuge becoming more applicable.
The quality control methods such as PIT and geomonitoring of pile
foundations are also noted in this paper.

More and more unique megaprojects have been realized and not a few
projects are under construction, especially in the new capital of Kazakh-
stan — Astana (Figure 1). One of the stands out project is the housing es-
tate “Abu-Dabi Plaza” which started on 1 July 2011 in Astana. The pro-
ject of housing estate was designed by famous architect Norman Foster.
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By preliminary evaluation, the cost of project exceeds 1.5 billion US dol-
lars. This will be the highest building in Central Asia and ranked 14" in
the world. "Abu-Dabi Plaza" - a complex from several towers, united
around the main building with a height 382 meters - 88 floors (Figure 1).
The high rates of construction and appearance of high-rise buildings led
to a wide use of pile foundations. Modern construction puts modern re-
quirements in front of engineers and designers, and so instead of tradi-
tional decisions it came to the use of new economically and ecologically
efficient advanced technologies such as CFA (continuous flight auger),
DDS (drilling displacement system).

Fig. 1. Megaprojects of Kazakhstan

An existing Kazakhstan standard documentation of pile design is out
of date and does not meet the requirements of modern engineering. The
standard needs to be revised. Nowadays, conception of pile foundation
design [3] is in the process of modernization, as presented in Figure 2.

Design of pile foundation includes two critical stages of analysis:
bearing capacity and settlement analysis. The preliminary design is per-
formed based on the engineering and geological investigation of con-
struction site. Accuracy of pile design generally depends on the accuracy
of data presented in geological report. Final pile design project is cor-
rected after approval by field tests.
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Fig.2. Pile foundation design concept

The classically bearing capacity is subdivided into two constituents:
shaft and tip resistance. In Kazakhstan's Standard the classical equation
was modified and presented by following equation [1]:

Fy =Y (YaRA+uD 7., [h) (1)

where y. = safety factor; y.z and y., = coefficients of soil work condi-
tion under the pile tip and around the pile, respectively.

Unfortunately, existing Kazakhstan Standards do not take into ac-
count soil compaction under the high concrete pressure in case of CFA
technology and soil displacement without excavation in case of DDS
technology that lead to reduction of settlement and increase in bearing
capacities of pile foundation. Therefore it had been suggested to use fol-
lowing coefficients of soil working condition as presented in Table 1.

Table 1
Suggested coefficient of soil works for DDS and CFA piles
Type of pile YeR Vet
Driving Pile 1,0 1,0
Boring Pile 0,7-1,0 0,7
DDS (FDP) Pile 13 1,0
CFA Pile 1,0 1,0
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As for SLT and DLT, they both are practiced in Kazakhstan construc-
tion. According to experience on construction sites of Astana, some dif-
ference exists between SLT and DLT results. Moreover, results of bear-
ing capacity of pile depend on type of hammer. Thus, DLT results ob-
tained by using hydro-hammer are more approximate to the SLT results,
namely more reliable than results obtained by using diesel hammer [2].
The safety factor as defined by comparative analysis of many DLT and
SLT data is presented in Figure 3.

Fig. 3. Comparison SLT and DLT

From aforementioned it follows that SLT and DLT both have dis-
advantages. SLT required a lot of time, works and cost. Prescribed by
Standard quantity of required SLT is not enough to adequately realize
soil condition of construction site (2 SLT for 200 piles only). DLT is
much faster but is not so reliable and is applicable to driving piles
only.

Today, in process of adaption into Kazakhstan practice is an alterna-
tive load test method which precluded disadvantages of both SLT and
DLT — Rapid Load Test (RLT). RLT allow performing up to 10 piles per
day and much cost effective than SLT [4]. The comparison of SLT and
RLT as obtained by Matsumoto are presented in Figure 5 that shows re-
liability of RLT.
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Fig. 4. Results of SLT and RLT

The one that is necessary to mention is the Centrifuge technology.
Centrifuge modeling is currently the most reliable technique for using
small scale tests of pile foundations to predict full scale conditions. Sev-
eral pile model tests were performed using a balanced beam centrifuge
(Figure 5) at Columbia University (New York, USA) to simulate and
predict the behavior of real case. Obtained data was compared with the
results of field pile tests, conducted by Ltd. «<KGS» on the construction
site of «Residential house» near the desert «Bestas» of Almaty region,
Kazakhstan. The results of tests are presented in the Figure 6 [5].

Fig. 5. Columbia Centrifuge Fig. 6. Comparative results of
Centrifuge and field pile tests

As for advancements in quality control of the pile foundations, it
should be emphasized that the PIT (Pile Integrity Test) and geomonitor-
ing are become more used in Kazakhstan.

PIT is one of the non-destructive methods of pile quality control. This
method allows analyzing integrity control for all existing types of piles
(boring, injection, driving and so on). PIT is based on wave propagation
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theory in rigid body and is concerned with one of the modern quality
control methods used world-wide. PIT allows detecting pile defects:
approximate pile length, expansion and narrowing of pile cross section,
modification of soil layers, heterogeneity of pile material, cracks in cross
section of pile, extrinsic material in pile body. Advantages of PIT are as
follows: portable device is easy to carry. One operator will be able to test
over 100 piles per day, depends on site condition, pile head preparation
and approach to the pile; minimum influence to the construction work on
the site; significant defects may be detected in the beginning of the
construction. PIT has some limitations: reflection of the bottom of pile
sometimes has errors depending on soil condition; little deflection (less
than 5 %) of pile cross section cannot be identified. According to
Kazakhstan Standard requirements it is necessary to test 60% of boring
piles and 50% of driving piles.

Geomonitoring for foundation settlement is one of the quality control
methods that can be carried out during and after construction in exploita-
tion period. Monitoring is indirect control of pile installation evaluation.
The principle of this method is monitoring the settlement of special
marks which are installed to interested points of construction. Monitor-
ing starts from the beginning of construction and allows revealing de-
fects of foundation installation.

CONCLUSIONS

Existing pile foundation Standards practiced in Kazakhstan are out-
of-date and are in urgent need for modernization. This paper presented
very short descriptions of coming changes to the concept of Kazakhstan
pile foundation design.

Presented aspects of advanced pile technology design allow to mak-
ing a more reliable prediction of bearing capacity and settlement of pile
that has become very important for the preliminary design of pile foun-
dation projects.

During designing of CFA pile of buildings and structures it needs to
consider the volume of borehole expansion by the result of additional
pressure, as well as over-expenditure of the concrete which is depend on
soil conditions and length of pile. Significant differences between bear-
ing capacities of DDS and casing boring piles show incomplete usage of
DDS technology resources. The coefficient of shaft work of DDS pile
was defined and equal from 1.2 to 1.3 depending on soil condition.
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RLT allow performing up to 10 piles per day and much cost effective
than SLT but cannot be used to full extent on construction sites of Ka-
zakhstan due to absence of Standard.

The studies conducted earlier proved that the centrifuge is a good al-
ternative approach for studying the work of the pile in the soil. The cen-
trifuge model tests can predict the real behavior of soils or soil structures
and determine their bearing capacities. It also may have significant eco-
nomic effect compared with full-scale tests.

Pile integrity test is in the process of gaining official acceptance in
Kazakhstan. PIT is a non-destructive method allowing make quality con-
trol of pile body whereupon of pile installation and even after many
years of building exploitation.

Geomonitoring for foundation settlement is indirect control of pile
quality evaluation method and has become more relevant, especially for
high-rise building construction.

Application of advanced technologies of pile foundations installation
led to a significant economic efficiency.

In implementing this Project in practice for the first time has been ap-
plied an integrated approach to the design, testing and quality control of
pile foundations. This comprehensive approach is a guarantee of quality
and efficient construction, which must be developed and applied in prac-
tice.
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